The surface of layered LiNi
Introduction
with vigorous stirring for 30 min. Then, stoichiometric amount of NH 4 H 2 PO 4 was added with stirring for 4 h. The slurry was dried at 80 °C for one night. Finally, the obtained powder was annealed in air at different temperature. The coating amount were changed from 1 wt.% to 5 wt.% and heat treat temperature from 300 to 600 °C. The XRD patterns (Fig. 1b) The effect of heat treat temperature on cycle performance were also investigated as shown in Fig.4b . At 100 th cycle, the discharge capacity are 123.42 mAh/g (2 wt.%-300 ºC), 143.45 (2 wt.%-400 ºC), 129.82 (2 wt.%-500 ºC), and 120.35 (2 wt.%-600 ºC), respectively. Obviously, the sample which was heat treated at 400 ºC showed the bigger discharge capacity among all the measured samples. Although, the reason why the sample with heat at 400 ºC exhibited the best cycle performance is unclear, we considered that with low heat treat temperature, the contact between the coating layer and the cathode material is not very closely, so that the coating layer may peel off from the cathode surface during charge-discharge cycles. However, with high heat treated temperature, the coating layer may diffusion into the cathode and affect the crystal lattice thus lead to bad Li ion transport between the electrode and electrolyte. So, an appropriate heat treat temperature would largely affect the electrochemical performance. Based on the above data, we conclude that the 2 wt.%-400 ºC sample showed the optimum FePO 4 coating condition. In order to confirm whether the increase of discharge capacity of coated sample due to the react between the FePO 4 coating layer and Li + , the cycle performance of pristine and 2
Results and discussion
wt.%-400 ºC coated sample were also tested at the voltage range of 4.5-3.4 V as shown in Fig.S1 . wt.%-400 °C coated sample, respectively. However, at the 50 th cycles, the discharge capacity of 2 wt.%-400 °C coated sample is 149.0 mAh/g, however, the discharge capacity of pristine is only 138.3 mAh/g. Furthermore, the discharge capacities of coated samples is 143.5 mAh/g, much higher than the pristine of 103.2 mAh/g at the 100 th cycles. Meanwhile, there is also an increase of charge plateaus and a decline of discharge plateaus with the increase of cycles. This phenomenon is considered as originating from the increase of electrode polarization which caused by the side-reactions between the electrode and electrolyte. For the pristine sample, the charge plateau increase to above 4.0 V at the 100 th cycle. However, for the coated samples, the charge plateau is still lower than 3.9 V at the 100 th cycle. The changes of behaviors for discharge curves is more obvious than the charge curves. At the 100 th cycles, the discharge plateau of pristine is diminished, meanwhile, there is only a small changes for the coated samples.
The changes of voltage at the state half of charge/discharge were also tracked as shown in Fig. 5c . Until the first 50 cycles, there is little changes of the charge or discharge potentials for the pristine sample. As the charge-discharge cycle continues, there is an obvious increase of charge potential and a decrease of discharge potential.
However, for the 2 wt.%-400 °C FePO 4 coated samples, the changes of potential is relatively small. We can conclude that the FePO 4 coating layer suppressed the increase of interfacial polarization and therefore decreasing the capacity fading. wt%-400 ºC coated sample were tested at the voltage range of 4.5-3.4 V (Fig.S1 ).
Even at such a high cut-off voltage, the 2 wt%-400 ºC coated sample still showed an improved cycle performance than that of the pristine. Thus, the FePO 4 coating layer showed little discharge contribution in the above experiments. For the pristine, 2 wt%-400 ºC and 5 wt%-400 ºC coated samples, only a couple of peaks which can be attributed to the redox reactions of Ni 2+ /Ni 4+ . [2] With increaseing the coating amount and heat treated temperature, a 10 wt.% and heat treated at 700 ºC, a couple of redox peaks appeared at 2.55 V / 2.84 V, which can be assigned to the redox of Fe 2+ /Fe 3+ ( Fig.S3d and S3e) . Thus, we can conclude that the coated samples which with a coating layer less than 5 wt% and heat treated temperature at 400 ºC showed no Fe 2+ /Fe 3+ redox reactions and also no charge/discharge capacity contributions.
